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(54) Ink jet head having improved pressure chamber and its manufacturing method 



(57) In an ink jet head including a substrate (301, 
401) having a opening for a pressure chamber (3), a 
section of the opening is gradually increased from a front 
surface of the substrate to an intermediate level of the 



substrate and is gradually decreased from the interme- 
diate level of the substrate to a back surface of the sub- 
strate. The opening at the front surface of the substrate 
serves as a nozzle (1). 
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Description 

[0001] The present invention relates to an ink jet head 
and its manufacturing method. 
[0002] A prior art ink jet head is constructed by a stain- 
less steel substrate or a monocrystalline silicon sub- 
strate having a straight nozzle and a tapered or bell-type 
pressure chamber which are formed by a mechanical 
press process, an etching process, an electrical dis- 
charge process or a laser process (see JP-A-9-76492 
& JP-A-9-57B91). This will be explained later in detail. 
[0003] In the above-mentioned prior art ink jet head, 
however, if the pressure chamber is formed by an etch- 
ing process independent of the nozzle, misalignment of 
the pressure chamber with respect to the nozzle may 
occur, which would decrease the manufacturing yield. 
Also, since the angle of the pressure chamber at its bot- 
tom is acute, inkstagnation may occurtherein, and also, 
bubbles may remain therein. Further, since the sub- 
strate has to be thin, the ink jet head cannot excel at 
handing when assembling it into ink jet apparatuses. 
[0004] It is an object of the present invention to im- 
prove the manufacturing yield of ink jet heads. 
[0005] Another object is to improve the ink stagnation 
characteristics and the like of ink jet heads. 
[0006] A further object is to be able to thicken ink jet 
heads. 

[0007] According to the present invention, in an ink jet 
head including a substrate having an opening for a pres- 
sure chamber, a section of the opening is gradually in- 
creased from a front surface of the substrate to an in- 
termediate level of the substrate and is gradually de- 
creased from the intermediate level of the substrate to 
a back surface of the substrate. The opening at the front 
surface of the substrate serves as a nozzle. 
[0008] Also, in a method for manufacturing an ink jet 
head, an impurity diffusion layer is formed on at least 
one of front back surfaces of a silicon substrate, and an 
etching mask layer having a opening for a nozzle is 
formed on a front surface of the silicon substrate. Then, 
an anisotropic dry etching process is performed upon 
the silicon substrate using the etching mask layer as a 
mask and the impurity diffusion layer as an etching stop- 
per. Finally, an anisotropic wet etching process is per- 
formed upon the silicon substrate to form a pressure 
chamber therein. 

[0009] Further, in a method for manufacturing an ink 
jet head, a first etching mask layer having a first opening 
for a nozzle is formed on a front surface of a silicon sub- 
strate, and a second etching mask layer having a sec- 
ond opening is formed in correspondence with the first 
opening on a back surface of the silicon substrate. Then, 
an anisotropic dry etching process is performed upon 
the silicon substrate using the first and second etching 
mask layer as a mask. Finally, an anisotropic wet etch- 
ing process is performed upon the silicon substrate to 
form a pressure chamber therein. 
[0010] The present invention will be more clearly un- 



derstood from the description set forth below, as com- 
pared with the prior art, with reference to the accompa- 
nying drawings, wherein: 

5 Fig. 1 is a plan view illustrating a prior art ink jet 
head; 

Fig. 2 is a partially-enlarged view of the ink jet head 
of Fig. 1; 

Figs. 3A and 3B are cross-sectional views taken 
10 along the line Ill-Ill of Fig. 2; 

Figs . 4A through 41 are cross-sectional views for ex- 
plaining a first embodiment of the method for man- 
ufacturing an ink jet head according to the present 
invention; and 

Figs. 5A through 51 are cross-sectional views illus- 
trating modifications of Figs. 4A through 41; 
Figs. 6 A through 6G are cross-sectional views for 
explaining a second embodiment of the method for 
manufacturing an ink jet head according to the 
present invention; and 

Figs. 7A through 7G are cross-sectional views illus- 
trating modifications of Figs. 6A through 6G. 

[001 1 ] Before the description of the preferred embod- 
iments, a prior art ink jet head will be explained with ref- 
erence to Figs. 1 , 2, 3A and 3B. 
[0012] In Fig. 1, which illustrates a prior art ink jet 
head, four nozzle columns 1 1 , 1 2, 1 3 and 1 4 where noz- 
zles 1 are closely arranged in a matrix are provided. The 
nozzle columns 1 1 , 1 2, 1 3 and 1 4 are used for ejecting 
black ink, yellow ink, cyan ink and magenta ink, respec- 
tively. The nozzle columns 11 , 12, 13 and 14 are linked 
to comb-shaped ink pools (reservoirs) 21, 22, 23 and 
24, respectively, which are also linked to an ink cartridge 
(not shown). 

[001 3] In Fig. 2, which is a partly-enlarged view of the 
Inkjet head of Fig. 1 , a pressure chamber 3 is linked to 
one of the nozzles 1 , and an ink passage 4 is linked be- 
tween the pressure chamber 3 and the ink pool such as 
21. 

[0014] In Fig. 3A, which is a cross-sectional view tak- 
en along the line Ill-Ill of Fig. 2 (see JP-A-9-76492), ref- 
erence numeral 101 designates a stainless steel sub- 
strate having a straight nozzle 1 and a tapered pressure 
chamber 3 which are formed by a mechanical press 
process, an etching process, an electrical discharge 
process or a laser process. Also, a plating layer 102 is 
formed on a front surface of the stainless steel substrate 
1 01 . On the other hand, a vibration plate 1 03 is adhered 
to a back surface of the stainless steel substrate 1 01 , to 
partition the pressure chamber 3 as well as the ink pools 
21 , 22, 23 and 24 (see Fig. 1). Further, one actuator 104 
made of piezoelectric material sandwiched by metal 
electrodes is adhered by a contact bonding process to 
the vibration plate 1 03 in correspondence with the noz- 
zle 1. 

[0015] In Fig. 3B, which is another cross-sectional 
view taken along the line Ill-Ill of Fig. 2 (see JP-A- 
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9-57981), reference numeral 201 designates a monoc- 
rystalline silicon substrate having a straight nozzle 1 and 
a bell-type pressure chamber 3. In this case, the straight 
nozzle 1 is formed by an anisotropic dry etching proc- 
ess, and the bell-type chamber 3 is formed by an iso- 
tropic dry etching process. Also, a vibration plate 202 is 
adhered to a back surface of the monocrystalline silicon 
substrate 201 , to partition the pressure chamber 3 as 
well as the ink pools 21 , 22, 23 and 24 (see Fig. 1). Fur- 
ther, one actuator 203 made of piezoelectric material 
sandwiched by metal electrodes is adhered by a contact 
bonding process to the vibration plate 202 in corre- 
spondence with the nozzle 1 . 

[0016] In the ink jet head as illustrated in Figs. 1 , 2, 
3A and 3B, however, if the pressure chamber 3 is formed 
by an etching process independent of the nozzle 1 , mis- 
alignment of the pressure chamber 3 with respect to the 
nozzle 1 may occur, which would decrease the manu- 
facturing yield. Also, since the angle of the pressure 
chamber 3 at the vibration plate 1 03 (1 02) is acute, ink 
stagnation may occur therein, and also, bubbles may 
remain therein. Further, since the substrate 101 (201) 
has to be thin, the ink jet heads cannot excel at handing 
when assembling them into ink jet apparatuses. For ex- 
ample, if the width W1 of the pressure chamber 3 at the 
vibration plate 103 (202) is 400ujn, the thickness of the 
substrate 101 (201) has to be smaller than 0.3mm. 
[0017] A first embodiment of the method for manufac- 
turing an ink head will be explained next with reference 
to Figs. 4A through 41. 

[0018] First, referring to Fig. 4A, p + -type impurities 
such as boron ions are implanted into a back surface of 
a monocrystalline silicon substrate 301 having a {100} 
face. As a result, a p + -type impurity diffusion layer 302 
is formed on the back surface of the monocrystalline sil- 
icon substrate 301. 

[0019] Next, referring to Fig. 4B, an insulating layer 
303 made of silicon oxide or silicon nitride is deposited 
by a chemical vapor deposition (CVD) process on a front 
surface of the monocrystalline silicon substrate 301 . In 
this case, if the insulating layer 303 is made of silicon 
oxide, the insulating layer 303 can be formed by ther- 
mally oxidizing the monocrystalline silicon substrate 
301 . Then, an opening 303a is perforated in the insulat- 
ing layer 303 by a photolithography and etching proc- 
ess. 

[0020] Next, referring to Fig. 4C, the monocrystalline 
silicon substrate 301 is etched by an anisotropic dry 
etching process using the insulating Iayer303 as a mask 
and using the p + -type impurity diffusion layer 302 as an 
etching stopper. For example, this anisotropic dry etch- 
ing process is a reactive ion etching (RIE) process using 
a mixture gas of CF 3 /0 2 . As a result, an opening 301a 
corresponding to the nozzle 1 is perforated in the 
monocrystalline silicon substrate 301 . 
[0021] Next, referring to Fig. 4D, an anisotropic wet 
etching process is carried out by using ethylenedi- 
aminepyrocatechoi (EDP) water or tetramethylammoni- 



umhydroxide (TMAH) water. As a result, the sidewall of 
the monocrystalline silicon substrate 301 is etched to 
expose {1 1 1 } faces whose angle is 54.7° . When this an- 
isotropic wet etching process is further carried out, a dia- 

5 mond-shaped opening 301 b as illustrted in Fig. 4E is 
perforated in the monocrystalline silicon substrate 301 . 
In this case, the opening 301b has two {111} faces an- 
gled at 109.4° . Therefore, the angle of the {111} face of 
the opening 301a on the p + -type impurity diffusion layer 

10 302 with respect thereto is 1 25.3°. Note that the opening 
301b is in self-alignment with the opening 301a, i.e., the 
nozzle 1 , and the width of the opening 301 b at its bottom 
is approximately the same as the width of the opening 
303a of Fig. 4C. 

15 [0022] Next, referring to Fig, 4F, the monocrystalline 
silicon substrate 301 is obliquely etched by an aniso- 
tropic dry etching process using the insulating layer 303 
as a mask. For example, this anisotropic dry etching 
process is an RIE process using a mixture gas of CF3/ 

20 o 2 . As a result, an opening 301 c is perforated in the {1 1 1 } 
face of monocrystalline silicon substrate 301 on the bot- 
tom side. 

[0023] Next, referring to Fig. 4G, an anisotropic wet 
etching process using EDP water or TMAH water is 

25 again carried out. As a result, the sidewall of the monoc- 
rystalline silicon substrate 301 is further etched to ex- 
pose the {111} faces. Thus, a barrel-shaped pressure 
chamber 3 is perforated in the monocrystalline silicon 
substrate 301 . In this case, the angle of the {111} face 

so of the opening 301a on the P+-type impurity diffusion 
layer 302 with respect thereto is 125.3° , i.e., obtuse. 
Note that the pressure chamber 3 is in self-alignment 
with the opening 301a, i.e., the nozzle 1 , and the width 
of the pressure chamber 3 at its bottom is larger than 

35 the width of the opening 303a of Fig. 4C. 

[0024] Next, referring to Fig. 4H, the insulating layer 
303 is removed by a wet etching process using fluoric 
acid or phosphoric acid. 

[0025] Finally, referring to Fig. 41, a vibration plate 304 

40 is adhered to the p + -type impurity diffusion layer 302, 
and one actuator 204 made of piezoelectric material 
sandwiched by metal electrodes is adhered by a contact 
bonding process to the vibration plate 303 in corre- 
spondence with the nozzle 1 . 

45 [0026] In the ink jet head as illustrated in Figs. 4A 
through 41, since the pressure chamber 3 is in self-align- 
ment with the nozzle 1 , misalignment of the pressure 
chamber 3 with respect to the nozzle 1 , does not occur, 
which would increase the manufacturing yield. Also, 

50 since the angle of the pressure chamber 3 at the vibra- 
tion plate 304 is obtuse, ink stagnation may not occur 
therein, and also, bubbles hardly remain therein. Fur- 
ther, since the cross-section is gradually increased in an 
upper portion of the pressure chamber 3 and is gradually 

55 decreased in a lower portion of the pressure chamber 
3, the substrate 301 can be thicker, so that the ink jet 
heads can excel at handing when assembling them into 
ink jet apparatuses. For example, if the width W2 of the 
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pressure chamber 3 at the vibration plate 304 is 400u.m, 
the thickness of the substrate 301 can be larger than 
0.3mm. 

[0027] Additionally, in the ink jet head as illustrated in 
Figs. 4A through 41 , since the p + -type impurity diffusion 5 
layer 302 is conductive, the ink jet head can be prevent- 
ed from being electrified even when the nozzle 1 is sub- 
jected to a wiping operation for cleaning. 
[0028] In Figs. 5A through 51, which illustrate modifi- 
cations of Figs. 4A through 41, a p + -type impurity diffu- 
sion layer such as a boron-doped diffusion layer 306 is 
added on the front surface of the monocrysalline silicon 
substrate 1 . 

[0029] First, referring to Fig. 5 A, after a p + -type impu- 
rity diffusion layer 306 is formed on the back surface of 
the monocrystalline silicon substrate 1 , a p + -type impu- 
rity diffusion layer 306 is formed on the front surface of 
the monocrystalline silicon substrate 1 . 
[0030] Next, referring to Figs. SB, 5C, 5D, 5E, 5F, 5G, 
5H and 51, the same processes as illustrated in Figs. 4B, 
4C, 4D, 4E, 4F, 4G, 4H and 41, respectively, are carried 
out. In this case, in Fig. 5C, although the etching selec- 
tivity of the p + -type impurity diffusion layer 306 by the 
anisotropic dry etching process is low, the p + -type im- 
purity diffusion layer 306 can be etched due to the suf- 
ficient thickness of the insulating layer 303. 
[0031] In the ink jet head as illustrated in Figs. 5A 
through 51, since the p + -type impurity diffusion layer 306 
is also conductive, the ink jet head can be further pre- 
vented from being electrified when the nozzle 1 is sub- 
jected to a wiping operation for cleaning. 
[0032] A second embodiment of the method for man- 
ufacturing an ink head will be explained next with refer- 
ence to Figs. 6A through 6G. 

[0033] First, referring to Fig. 6A, insulating layers 402 
and 403 made of silicon oxide or silicon nitride are de- 
posited by a CVD process on front and back surfaces, 
respectively, of a monocrystalline silicon substrate 401 
having a {1 00} face. In this case, if the insulating layers 
402 and 403 are made of silicon oxide, the insulating 
layers 402 and 403 can be formed by thermally oxidizing 
the monocrystalline silicon substrate 401. Then, open- 
ing 402a and 403a are perforated in the insulating layers 
402 and 403, respectively, by a photolithography and 
etching process. In this case, the opening 403a is wider 
than the opening 402a. 

[0034] Next, referring to Fig. 6B, the front and back 
surfaces of the monocrystalline silicon substrate 401 are 
etched by an anisotropic dry etching process using the 
insulating layers 402 and 403 as a mask. For example, 
this anisotropic dry etching process is an RIE process 
using a mixture gas of CFg/Og. As a result, an opening 
401a corresponding to the nozzle 1 and an opening 
402a corresponding to the pressure chamber 3 are per- 
forated in the monocrystalline silicon substrate 401. 
[0035] Next, referring to Fig. 6C, an anisotropic wet 
etching process is carried out by using EDP water or 
TMAH water. As a result, the sidewall of the monocrys- 



talline silicon substrate 301 is etched to expose {111} 
faces which are angled at 54.7° . When this anisotropic 
wet etching process is further carried out as illustrated 
in Fig. 6D, a barrel-shaped opening corresponding to 
the pressure chamber 3 as illustrated in Fig. 6E is per- 
forated in the monocrystalline silicon substrate 401. In 
this case, the pressure chamber 3 has two {111} faces 
angled at 1 09.4° . Therefore, the angle of the {111} face 
of the pressure chamber 3 on the insulating layer 403 
with respect thereto is 125.3° , i.e., obtuse. 
[0036] Note that the upper portion of the pressure 
chamber 3 is in self-alignment with the nozzle 1 , and the 
width of the pressure chamber 3 at its bottom is larger 
than that of the nozzle 1 . 

[0037] Next, referring to Fig. 6F, the insulating layers 
402 and 403 are removed by a wet etching process us- 
ing fluoric acid or phosphoric acid. 
[0038] Finally, referring to Fig. 6G, a vibration plate 
404 is adhered to the insulating layer 403, and one ac- 
tuator 404 made of piezoelectric material sandwiched 
by metal electrodes is adhered by a contact bonding 
process to the vibration plate 403 in correspondence 
with the nozzle 1. 

[0039] Even in the ink jet head as illustrated in Figs. 
6A through 6G, since the pressure chamber 3 is in self- 
alignment with the nozzle 1, misalignment of the pres- 
sure chamber 3 with respect to the nozzle 1 does not 
occur, which would increase the manufacturing yield. Al- 
so, since the angle of the pressure chamber 3 at the 
vibration plate 404 is obtuse, ink stagnation may not oc- 
cur therein, and also, bubbles hardly remain therein. 
Further, since the cross-section is gradually increased 
in an upper portion of the pressure chamber 3 and is 
gradually decreased in a lower portion of the pressure 
chamber 3, the substrate 401 can be thickem, so that 
the ink jet heads can excel at handing when assembling 
them into ink jet apparatuses. For example, if the width 
W3 of the pressure chamber 3 at the vibration plate 404 
is 400p. m, the thickness of the substrate 401 can be 
larger than 0.3mm. 

[0040] In Figs. 7A through 7G, which illustrate modi- 
fications of Figs. 6A through 6G, a p + -type impurity dif- 
fusion layer such as a boron-doped diffusion layer 406 
is added on the front surface of the monocrysalline sili- 
con substrate 1 . 

[0041 ] First, referring to Fig. 7A, before the insulating 
layers 402 and 403 are formed on the front and back 
surfaces of the monocrystalline silicon substrate 1 , a p + - 
type impurity diffusion layer 406 is formed on the front 
surface of the monocrystalline silicon substrate 1 . 
[0042] Next, referring to Figs. 7B, 7C, 7D, 7E, 7F and 
7G, the same processes as illustrated in Figs. 6B, 6C, 
6D, 6E, 6F and 6G, respectively, are carried out. In this 
case, in Fig. 7B, although the etching selectivity of the 
p + -type impurity diffusion layer 406 by the anisotropic 
dry etching process is low, the p + -type impurity diffusion 
layer 406 can be etched due to the sufficient thickness 
of the insulating layer 402. 



15 



20 



25 



30 



35 



40 



45 



50 



4 



7 



EP1 138 491 A2 



8 



[0043] In the ink jet head as illustrated in Figs. 7A 
through 7G, since the pMype impurity diffusion layer 
406 is conductive, the ink jet head can be prevented 
from being electrified when the nozzle 1 is subjected to 
a wiping operation for cleaning. 
[0044] As explained hereinabove, according to the 
present invention, the manufacturing yield can be in- 
creased. Also, the ink stagnation characteristics and the 
bubble exhausting characteristics can be improved. 
Further, since the substrate can be thicker, the ink jet 
head can excel at handling. 



Claims 

1. An ink jet head comprising a substrate (301 , 401) 
having a first opening for a pressure chamber (3), 
wherein a section of said first opening being grad- 
ually increased from a front surface of said sub- 
strate to an intermediate level of said substrate and 
gradually decreased from the intermediate level of 
said substrate to a back surface of said substrate, 
said first opening at the front surface of said sub- 
strate serving as a nozzle (1). 

2. The ink jet head as set forth in claim 1 , further com- 
prising a first conductive layer (306, 406) formed on 
the front surface of said substrate, said first conduc- 
tive layer having a second opening for said nozzle 
(1) leading to said first opening. 

3. The ink jet head as set forth in claim 1 or 2, further 
comprising a second conductive layer (302) formed 
on the back surface of said substrate, said second 
conductive layer having a third opening leading to 
said first opening. 

4. The ink jet head as set forth in claim 1 , 2 or 3, where- 
in said intermediate level is closer to the back sur- 
face of said substrate than the front surface of said 
substrate, so that the section of said first opening 
on the front surface of said substrate is smaller than 
the section of said first opening on the back surface 
of said substrate. 

5. The ink jet head as set forth in claim 1 , 2, 3 or 4, 
wherein said substrate is made of monocrystailine 
silicon having {1 00} faces on the front and back sur- 
faces of said substrate and {1 1 1 } faces on said first 
opening. 

6. The ink jet head as set forth in claim 2, 3, 4 or 5, 
wherein said first conductive layer is made of impu- 
rity-doped silicon. 

7. The ink jet head as set forth in claim 3, wherein said 
second conductive layer is made of impurity-doped 
silicon. 



8. The ink jet head as set forth in any one of claims 1 
to 7, further comprising: 

a vibration plate (304, 404) adhered to the back 
5 surface of said substrate; and 

an actuator (305, 405) adhered to said vibration 
plate in correspondence with said nozzle. 

9. The ink jet head as set forth in any one of claims 3 
'0 to 8, further comprising: 

a vibration plate (304, 404) adhered to said sec- 
ond conductive layer; and 
an actuator (305, 405) adhered to said 

15 

10. A method for manufacturing an ink jet head, com- 
prising the steps of: 

forming an impurity diffusion layer (302, 306) 
20 on at least one of front and back surfaces of a 

silicon substrate (301); 

forming an etching mask layer (303) having an 
opening (303a) for a nozzle (1) on a front sur- 
face of said silicon substrate; 

25 performing an anistropic dry etching process 

upon said silicon substrate using said etching 
mask layer as a mask and said impurity diffu- 
sion layer as an etching stopper; and 
performing an anisotropic wet etching process 

30 upon said silicon substrate to form a pressure 

chamber (3) therein, after said anistropic dry 
etching process is performed. 

11. The method as set forth in claim 10, wherein said 
35 impurity diffusion layerforming step implants p-type 

impurities into said silicon substrate. 

12. The method as set forth in claim 10 or 11 , wherein 
said etching mask layer is made of one of silicon 

40 oxide and silicon nitride. 

13. ThemethodassetforthinclaimlO, 11 or12, further 
comprising the steps of: 

45 performing an oblique anistropic dry etching 

process upon said silicon substrate using said 
etching mask layer as a mask and said impurity 
diffusion layer as an etching stopper, after said 
anisotripic wet etching process is performed; 

so and 

performing an additional anisotropic wet etch- 
ing process upon said silicon substrate, after 
said oblique anistropic dry etching process is 
performed. 

55 

14. The method as set forth in claim 13, wherein said 
oblique anisotropic wet etching process uses ethyl- 
enediaminepyrocatechol water or tetramethylam- 
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moniumhydroxide water. 

15. A method for manufacturing an ink jet head, com- 
prising the steps of: 

5 

forming a first etching mask layer (402) having 
a first opening (402a) for a nozzle (1 ) on a front 
surface of a silicon substrate (401); 
forming a second etching mask layer (403) hav- 
ing a second opening (403a) in correspond- 10 
ence with said first opening on a back surface 
of said silicon substrate ; 
performing an anistropic dry etching process 
upon said silicon substrate using said first and 
second etching mask layer as masks; and '5 
performing an anisotropic wet etching process 
upon said silicon substrate to form a pressure 
chamber (3) therein, after said anistropic dry 
etching process is performed. 

20 

16. The method as set forth in claim 15, wherein said 
first opening is smaller than said second opening. 

17. The method as set forth in claim 15 or 16, wherein 
said first and second etching mask layers are made 25 
of one of silicon oxide and silicon nitride. 

1 8. The method as set forth in claim 1 5, 1 6 or 1 7, further 
comprising a step of forming an impurity diffusion 
layer (406) beneath at least one of said first and sec- 30 
ond etching mask layers. 

19. The method as set forth in any one of claims 10 to 
12 or 15 to 18, wherein said silicon substrate has 

{1 00} faces on the front and back surfaces of said 35 
silicon substrate. 

20. The method as set forth in claim 19, wherein said 
silicon substrate has {111} faces on sidewalls of said 
pressure chamber. 40 

21. The method as set forth in any one of claims 10 to 
12 or 15 to 20, wherein said anisotropic wet etching 
process uses ethylenediaminepyrocatechol water 

or tetramethylammoniumhydroxide water. 45 
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Fig. 2A prior art 
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Fig. 3A prior art 
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Fig. 4A 
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Fig. 4D 
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Fig. 4G 
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Fig. 41 
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Fig. 5 A 
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Fig. 5D 
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Fig. 5G 
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